. As these techniques are ground-based, they are limited to boundary layer measurements, or in limited circumstances the lowest portion of the free troposphere. With the use of aircraft in field campaigns becoming more common, it is desirable to have an instrument capable of measuring OH from such a platform. Such an instrument could provide information on OH concentrations throughout the boundary layer and free troposphere in both continental and marine areas.
Recently such an instrument has been developed and flown during the First Aerosol Characterization Experiment (ACE 1). In this work we present the results of the first airborne OH measurements performed in the remote lower free troposphere. 
Experiment

Measurements of the [OH] were made using the technique of selected ion chemical ionization mass spectrometry (SICIMS).
The SICIMS technique has several attributes that make it well suited for measurements aboard an aircraft platform. Concentrations of OH of 4-5 parts per quadrillion by volume (ppqv) can be measured by this technique with a time resolution of 30 s. As discussed below, it is also possible to measure other acidic gas-phase compounds such as H2SO• and methane sulfonic acid (MSA) with the same instrument during this 30 s period. The time resolution enables comparisons to be made with model predictions on a short timescale, essential for a measurement platform which is moving over 100 ms -1 The system described here is conceptually the same as that previously used for ground- Measurements must be achieved from an aircraft that moves at 100-150 m/s, performs maneuvers, and experiences periods of turbulence. Also, during a flight the aircraft encounters widely varying conditions of temperature, pressure and humidity. In extreme cases, there are occurrences of clouds and precipitation. The description given here will briefly discuss the measurement procedure itself, with emphasis on the modifications made to adapt the system for airborne measurements.
A schematic diagram of the instrument used is this study is shown in Figure 1 . The instrument consists of three major sections; a shrouded duct which straightens and slows the sampled air fiow• an ion source reaction region in which the chemical ionization process is carried out, and a detection region. The latter consists of turbo-molecular pumped vacuum chamber housing the quadrupole mass spectrometer and electron multiplier detector. The straightened and slowed air flow is sampled from the inner restricted flow duct into the ion reaction region via a curved stainless steel 1.9 cm ID sampling port with a radius of curvature of-4 cm. Because this tube is curved, the flow within it is not laminar. However, this fact does not imply that the flow is highly turbulent either.
The instrument samples air at
Conditions are such that the flow within the tube is maintained at a Reynolds number <1000 to minimize turbulence and boundary layer growth. To verify this fact, simple laboratory tests were performed using the mass spectrometer as a detector. Turbulent mixing in the ion reaction region (the region at the exit of the 1.9 cm diameter tube) can be sensitively detected by observing the ion ratios of the sampled and sheath gases [Eisele and Tanner, 1991 ] . Replacing the curved tube with a straight tube of the same size did not alter the observed ion ratios indicating that the curved sampling port did not introduce significant turbulence into the ion reaction region. A more definitive test involving the production of a fixed amount of OH in front of a straight and the curved inlet was also performed. No distinguishable difference was noted in the amount of OH passing through either sampling tube. It should be noted that any losses occurring in the sampling port would be included in the system calibration (as discussed below).
In addition to flow straightening and slowing, the above inlet duct assembly also performs the important function of large droplet exclusion. The ion reaction region incorporates the use of high voltage electrostatic lenses to direct ions. These lenses can be "shorted" if a significant amount of moisture accumulates on their surfaces. By bending the sampled air flow, larger droplets which follow nearly straight trajectories can be prevented from entering the innermost curved sampling tube.
Because the inlet duct assembly, with its large geometry and specially designed surfaces, had been shown to effectively straighten and slow air flows at angles of attack up to 24 ø , it was decided to fly the inlet at a sufficient angle of attack to prevent larger particles and droplets, which follow straight line trajectories, from reaching the curved sampling port. The inlet duct assembly was flown at an angle of attack of 10 ø (relative to the free stream air flow) which allowed measurements to be carried out in clouds and in all but the densest precipitation.
The air flow was sampled into the ionization region via a 1.9 cm ID (wall thickness equal to 0.015 cm) stainless steel tube connected to the 1.9 cm curved sampling port. Inside the ionization region, which surrounds the stainless steel sampling tube, a flow of air, which had been filtered to remove any SO2 and "spiked" with a small amount (-10 TM molecule cm -3) of HNO3 was introduced. This flow of filtered air, termed the sheath flow, was passed through a multiholed plate and fine mesh screens to produce a laminar flow. Upon entering the ionization region, the outer coaxial layer of sheath air was ionized by passing it over a 0.635 cm wide piece of 241Am foil mounted on a The ions then enter the vacuum system through a "virtual iris" pinhole. Because the ion reaction region is maintained at atmospheric pressure, and the number of ions produced is proportional to the number density of the gas in the ion reaction region, fewer ions are produced at higher altitudes (lower pressures). However, the ion signal measured by the mass spectrometer/electron multiplier is directly proportional to the number of ions entering the vacuum system. Therefore it is desirable to increase the number of ions (or amount of gas from the ion reaction region) entering the vacuum system as the pressure outside the aircraft decreases. Control over the number of ions entering the vacuum system is accomplished by the use of a virtual aperture pinhole. As shown in Figure 1 , the assembly, constructed of stainless steel, consists of two thin disks sandwiching a thicker, 0.076 cm thick disk and a series of 0.038 cm thick wedge or pie shaped pieces. The wedge pieces allow the central or sandwiched portion of the assembly to be pumped on. The ions/N2 enter through a 0.038 cm pinhole in the outer 0.013 cm thick disk. The amount of gas/ions allowed to enter the vacuum system through the inner 0.033 cm pinhole in the inner (back) 0.005 cm thick disk is determined by the amount of gas pumped radially away from the central portion of the assembly. In this manner, it is possible to maintain a constant pressure in the vacuum system as the pressure outside the aircraft changes. The ions then enter the vacuum system in a free expansion of dry N2, minimizing clustering, especially with H20. In the collisional dissociation chamber, CDC, clusters can undergo numerous collisions with N2 to leave the core ion species (NO3-, HSO4-, or MS-) [Eisele, 1986] . The ions then leave the CDC region and pass through a differentially pumped region where they are focused via electrostatic lenses before passing through a skimmer and entering the mass filter and detection region.
The technique used here for the measurement of OH is the same as that described previously [Eisele and Tanner, 1991 variability and error at the lower pressures is a result of low H20 concentrations at the higher altitudes, and thus little OH being produced by the calibration system. As a matter of practicality, it was found that calibrations could not be performed at altitudes above 20,000 feet, due to the relatively small amount of OH produced from the calibration system when compared to the ambient OH concentration. Visually, Figure 2 Figure 2 is an exponential fit to the entire data set. This exponential fit was used to obtain the OH concentrations presented here. While there is no "true" physical justification for fitting to this type of function, it was decided on as it smoothly connected the entire data set and it appeared that the data followed this type of function, changing roughly at the same rate as pressure with altitude. For pressures above 700 mbar, the difference between the exponential and linear fit A is < 4%. As the majority of the 
Measurements and Modeling Results
The results of OH measurements made during each flight of the ACE 1 campaign are shown in Figure 3 . The data are typically presented as 30 s measurements; however, on several flights (6-12, 16) data were acquired on 1 rain intervals. The longer acquisition time was due to the fact that the flows of N2 and propane used for signal and background measurements had to be switched manually. Instead however, measurements aboard the aircraft indicate an increased particle loading for legs of these two flights flown in the boundary layer. To determine if HOx losses onto particles could be responsible for some part of the observed discrepancy between measured and modeled values, model simulations were performed using the NOAA model, this time including heterogeneous losses. Masstransport limited first-order loss rates for OH and HO2 were calculated using the particle size distributions measured aboard the aircraft [Fuchs and Sutugin, 1970] . 
